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Abstract
The objective for the CV Joint Test Stand Thesis is to design and develop a test
stand that will allow the ability to test a constant velocity (CV) joint with a computer
interface for data collection. This thesis concentrates on two separate sections, one is the
specification of equipment and computer program for data collection, and the second is a
moderate outlook on signature analysis of the system. The APRA (Automotive Parts
Rebuilders Association) along with the National Center for Remanufacturing and
Resource Recovery (NCRRR) are dedicated to the quality and the need for better
remanufacturing techniques.
The specification of the equipment includes instruments such as an infrared
thermocouple, accelerometer, microphone, and a magnetic particle brake. The infrared
(IR) thermocouple will be used to check the temperature of the CV Joint. This type of
thermocouple was chosen since it does not need to be permanently mounted on the object
it is reading. An accelerometer is used to provide vibration analysis information for the
system. The magnetic particle brake will be needed to provide a torque to simulate road
like-conditions and to accurately investigate the system. The computer interface will
utilize Labview to control and monitor the system during operation. Programming will
be done in Labview to complete these tasks. Data files can then be exported to Matlab
for further analysis.
Finally, a conservative look at the signature analysis of the system will be done to
try and correlate CV joint ball wear with noise. No attempt will be made to correlate CV
joint wear with temperature and/or vibration at this time. However, this instrumentation
can be used for future research.
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I. Introduction:
1.1 DescriptionOfConstantVelocity Joints:
As the need and development of the front wheel drive automobile came into
existence, there became a need for a drive shaft to transmit constant angular velocity and
torque. In a front wheel drive vehicle the drive shaft is much shorter than a traditional
rear wheel drive vehicle. Because of this, there exists a greater angle, 3 (Fig. 1-5) which
the velocity and torque must transmit through. A conventional universal joint will not
function in a front wheel drive application with a large articulated angle (f3).
In 1928 the bell-type Rzeppa joint (pronounce "sheppa") was first patented. The
joint is made up of a spherical housing, which contains six grooves for ball bearings to
travel in. The spherical housing would be the outer race. The outer race, shown in
Figure 1-1, is connected to one shaft while the inner race, shown in Figure 1-2, is
connected to the other shaft. The inner race too has six grooves for the ball bearings,
Figure 1-4, to ride in. These balls are held in place by a cage, which ensures proper
spacing of the balls at all times. A picture of the cage is shown in Figure 1-3.
Fig 1-1
The outer race of the CV Joint.
Fig. 1-2
The inner race of the CV Joint.
Fig. 1-3
The ball cage of the CV Joint
Fig. 1-4
One of the six balls that make up a CV Joint.
OUTER RACE
BALL BEARING
CAGE
-INNER RACE
-CONSTANT VELOCITY PLANE
Fig 1-5
A constant velocity (CV) joint is able to maintain constant velocity as the
articulated angle ((3) changes. The velocity will remain constant so long as two opposing
balls remain in the constant velocity plane. This proper alignment is ensured through the
use of a cage as seen in Figure 1-5. Figure 1-5 shows how the components are held
together.
The Rzeppa universal joint was chosen for this thesis since it is the most
commonly used universal joint in the automotive industry. It is generally used as the
outboard joint on front wheel drive automobiles. When an automobile has a constant
velocity joint failure it is typically the outboard joint. The principle advantage of this
joint is its ability to transmit constant velocity with relatively high torque through large
joint angles,. It is a compact and rugged design and has been found useful in marine,
industrial, aircraft, and stationary drive systems.
Some telltale signs of CV joint failure are clicking or clunking sounds when the
automobile turns a corner at relatively low speeds. Excessive vibration can also occur
when driving an automobile with faulty constant velocity joints. Constant velocity joints
tend to fail under normal use from a cracked or ruptured CV boot seal. Regular
inspection of the boot to ensure no cracks or holes can extend the life of a CV joint.
Once this boot seal is cracked or opened, grease will leak out and allow dirt and moisture
into the joint. This will accelerate the wear of the CV joint and lead to premature failure.
If it were known what the vibration, noise, and temperature of failing CV joints
were, then it could be possible that catastrophic failures in constant velocity joints could
be avoided. The vibration, noise, and temperature of bad constant velocity joints have
not yet been analyzed. This research comes about to try to answer some of these
questions.
This thesis is compiled into two sections. The first section is the modification of a
constant velocity joint test stand. During school year 1997-1998 at RLT a senior design
team constructed a constant velocity joint test fixture. This test fixture includes all
hardware to connect a CV joint and drive it, but does not include a way of putting it
under a load for testing. Also, the test stand lacked any sensory equipment to accurately
gather data for analysis. Therefore, before any analysis could be started the test fixture
had to be altered.
The second section of this thesis will take a moderate look at signature analysis of
a constant velocity joint. Comparisons will be made between good joints and bad or
damaged joints. The data will hopefully show that there exists a significant difference
between the two CV joints.
The motivation for this research comes about from the interest in quality for the
remanufacturing of constant velocity joints. Members of the Automotive Parts
Rebuilders Association (APRA) have questioned the various remanufacturing processes,
which take place during a rebuild of a CV joint.
Vibration analysis is a common tool used on a variety of equipment for
troubleshooting purposes. Correlation between vibration and CV joint wear will be
attempted utilizing such tools.
1.2 Theory of ConstantVelocity Joints:
The basic principle of constant velocity joints is best described using Figure 1-6
shown below.
CONSTANT VELOCITY PLANE
Fig 1-6
Shafts 2 and 3 are equally bent by an angle a. When the two shafts are articulated
through an angle (3 point B is coincident to both shafts 2 and 3. Point B is in the plane of
the paper and resides on the constant velocity plane. Perpendiculars BC and BD are
equal due to symmetry and will remain equal for all rotation positions. Since the
perpendicular distances for both shafts are equal, the velocities for both shafts will also
be equal. This is one method to show that constant velocity is maintained in this type of
joint.
The CV joint can be mounted in the test fixture and rotated under a load. While
the joint is loaded parameters such as temperature, vibration, and acoustical noise can be
measured. This data will then try to correlate damaged joints from undamaged joints.
1.3 State of theArt inRemanufacturing:
Today more than ever the need to recycle and cut back on the amount of waste
that is generated is essential. We no longer live in an era in which we are not responsible
for what is sent down the drain or to the land fill. In order for the environment to be kept
clean and useable for future generations, then it is essential that industry and educational
institutions work together to rethink the way products are made and remanufactured.
The National Center for Remanufacturing and Resource Recovery (NCRRR) is
housed in the Center for IntegratedManufacturing Studies (CIMS), located on the
campus of Rochester Institute of Technology. The NCRRR is dedicated to finding better
and more efficient ways to remanufacture machine equipment that would normally be
scrapped at its end - of - life.
The NCRRR has worked with and continues to work with the Automotive Parts
Rebuilders Association (APRA) on various projects. Automobile parts have been
remanufactured since the beginning of the automobile industry. The NCRRR and APRA
have common interests in the remanufacturing of constant velocity joints. The APRA
needs to know if remanufactured CV joints offers the same quality and safety as new CV
joints. Through testing and signature analysis studies these questions will try to be
answered.
Remanufacturing is to upgrade a used part to a "like
new"
condition. These parts
are usually disassembled and check for damage. The damaged parts are replaced,
reassembled, and any upgrades to the part are made at this time. Remanufacturing offers
many benefits socially and economically to the environment and consumers. This
process offers savings in energy, materials, and labor, which went into making the
original part. Equipment life can be extended with out having to pay for new parts.
Currently there are approximately two ways to remanufacture constant velocity
joints. One method requires that material be removed from both the inner and outer race
to a like new condition. Then oversized balls and cages are used instead of the original
balls and cages. The second method, material is welded onto the inner and outer joints
and is then ground down to the original dimensions. Then new balls are placed on the
inside. The APRA is concerned about these two methods for remanufacturing. Tests
have indicated that the hardness of the inner and outer races is only on the wearing
surface. If this surface is disturbed during a remanufacturing process, then the
reconditioned part may not be as sound as the original.
II. NoninvasiveDetection of CV JointHealth:
2.1 SignatureAnalysis:
Signature analysis is a broad term and must be defined by what purpose it is being
used. Essentially, the study of signature analysis is to take a system in a normal operating
condition and study various parameters of interest. This data is then compared to other
data taken from similar systems to see if there is a correlation between the two systems.
For the constant velocity joint test stand, the signature analysis that is used looks
at two different constant velocity joints, a good joint and a bad joint. From the good
joint, a test will be conducted to determine the "signature" of that particular system. The
signature will be determined from the vibration and noise data collected from the
accelerometer and microphone respectively. This data will then be compared to the
signature from the bad constant velocity joint, which will have it's own unique signature.
From these two tests, a possible correlation can be made to determine constant velocity
joint health.
Ifmore tests were to be conducted, a library of signatures could be stored for
troubleshooting other similar systems. An example is if a constant velocity joint was to
become damaged then it could be tested and its signature could be compared to the
library data collection to see if there is a match. As an example, it may be matched with
a bad race signature or a cracked housing signature or even a combination of the two.
This can quickly become a powerful tool for determining system failure and
troubleshooting a problem.
Many techniques could be applied to detect joint damage. Frequency domain and
time domain techniques are likely candidates for determining CV joint failure. Attempts
were made to correlate accelerometer data with microphone data in an effort to find
common background noise and cancel it out. This system would act as a filter to find
pure CV joint noise. This method of determining joint noise was unsuccessful.
2.2 BasicDigital Signal Processing Theory:
This section does not cover all areas and aspects of digital signal processing. It
does however, go through the fundamental foundations for how DSP is done. This
section will begin with the explanation of analog verses digital signals. Sampling and
Windowing concepts will be discussed. This section will conclude with time and
frequency domain analysis.
2.2.1 Analog vs.Digital Signals:
Almost all signals found in nature are predominately of an analog format. This
means the signals can be described by functions of a continuous variable, such as time or
space. Some analog signals can be processed using analog techniques to obtain desired
data. In general, a more accurate way to analyze a signal is to process it digitally.
A digital signal is not commonly found in nature, but can be used as a method to
process an analog signal. Digitized data is obtained by collecting data at a given interval
of time. A good example is an outdoor thermometer. The outdoor thermometer's
mercury level continuously changes as the temperature around it is fluctuating, i.e.
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analog. Ifwe were to record the temperature of the thermometer every 30 minutes, then
we would have a discrete temperature distribution.
There are many advantages in processing signals digitally. Digital signals can be
stored on data disks for post processing. This can have a large advantage to off line
digital signal processing. Mathematical operations on digital signals on a computer can
be routine, this is not true for an analog signal. Also, the accuracy of digital data is easier
to control verses analog data.
As stated earlier, most signals in nature occur in an analog form. Before this
signal can be processed digitally, it must be converted into a digital signal. The use of an
Analog-to-Digital (A/D) converter is used. Figure 2. 1 shows a flow chart of how data is
processed from an analog system to a digital system through the use of an A/D converter.
^>
ANALGG INPUT
SIGNAL
A/D
CONVERTER
c>
DIGITAL OUTPUT
SIGNAL
Fig. 2-1
Schematic of an A/D Converter
The most commonly used A/D converters are classified as either 12-bit or 16-bit
converters. This classification defines the resolution of the converter. The resolution of
an A/D converter is based on a relation of divisions that is obtained at full scale. The
divisions can be found by raising two to the power of the bit. The A/D converter consists
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of the discrete sampler (sampling interval), and the quantitizer which does the level
conversion. The level conversion is dependent on the classification of the converter.
2 12 = 4096 divisions for a 12-bit A/D converter
2 16 = 65536 divisions for a 16-bit A/D Converter
If the full-scale voltage is set to1 .0 V, then the resolution for a 12 and 16-bit
A/D converters are;
2
12 - bit resolution = ~ OJOmV
4096
2
16 -bit resolution = ~0.03mV
65536
From the resolution a quantization error can be obtained;
12 - bit conveter; Ve = 0.25mV
16 -bit converter, Ve =0.15mV
It is seen that a 16-bit converter has less error than a 12-bit converter. How a
converter is chosen is based on the needs of the system being analyzed. As the accuracy
of the A/D converter is increased, better resolutions occur. Also, better resolution comes
with an increase in cost. A/D converters become very expensive as the accuracy is
increased.
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2.2.2 Sampling:
A discrete time signal is formed from a continuous time signal by sampling at
equally spaced time intervals, At. It was shown in the above example that the outdoor
thermometer was sampled every 30 minutes. All measuring instruments that take data at
regular time intervals provide discrete-time signals.
In the above example, the time interval was 30 minutes per sample. If the input to
the sampler from this is xa(t), then the output would be xa(nT) = x(n), where T is called
the sample interval or sample period, and n is the discrete time interval. [Proakis &
Manolakis, 96]. Figure 2-2 shows this flow chart.
XQ(t)
SAMPLER :
xa(nT) = x(n)
Fig 2-2
The relationship that describes uniform or periodic sampling is;
x(n) - x (nT), - o < n < (2.1)
where x(n) is the discrete-time signal that is obtained by taking samples of a
signal every T seconds. The sampling rate, Fs, is the inverse of the sampling period, T.
A relationship can be obtained from uniform sampling between continuous time signals, t
and discrete time signals, n, using the sampling rate Fs = 1/T.
13
t=nT = (2.2)
Fs
An example of a discrete-time signal is a discrete-time sinusiodal signal;
x(n) = Acos(a)n + 0), < n < (2.3)
where A is the amplitude of the sinusiod, CO is the discrete frequency in
rad/sample., 9 is the phase shift of the sinusiod, and n is the sample number. Using the
relation co=27if, equation (2.3) becomes;
x{n) = A cos{2nfn + 8), < n < (2.4)
where f is the discrete frequency sample rate, with units of cycles/sample.
Using equation (2.4) a plot can be generated to show the cosine wave. A
frequency of 2 Hz is chosen with unity amplitude. Figure 2-3 shows this plot.
14
Fig 2-3
If Figure 2-3 is a signal that is to be analyzed then a sufficient sampling rate must
be used to avoid aliasing. The aliasing phenomenon will occur if a sampling rate of at
least twice the highest frequency is not met. For this example, to avoid aliasing, a
sampling rate greater than four samples per second must be used. Figure 2-4 shows a
stem plot of Figure 2-3 sampled at a rate of four samples per second.
15
Fig. 2-4
Cosine function sampled at four samples per second.
Figure 2-4 may not seem very adequate for an accurate representation of the
original signal, however, it does satisfy the minimum sampling rate.
F > 2F (2.5)
Stating the Sampling Theorem best summarizes this concept:
An analog signal, with highestfrequency B Hz, can be uniquely recoveredfrom
its samples as long as the sampling rate is higher than 2B samples per second, Nyquist
Rate. Lower sampling rates may result in aliasing.
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2.2.3 Windowing:
Windowing is a method of looking at only a finite segment of data that is
collected prior to processing. For a rectangular window function w(t), the windowed data
that is collected is defined as:
xw(t) = w(t)x(t)
If Equation (2.6) represents a function that has been windowed using a
rectangular window, then its values may be:
(2.6)
w(0 = 0 for -o<t<0
w(0 = l for 0<t<T
w(t) = 0 for T<t<o
(2.7)
For the analysis used on the CV joint project a 6000 point Hanning window was
used. Leakage from bin to bin can be minimized by the use of this style window. This
Hanning window is multiplied by the input signal in the time domain. A Hanning
window function of length M is defined as:
1
w(n) =
-
(
1-cos
27m Yi
M-l J)
(2.8)
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2.2.4 FrequencyAnalysis:
Observing a signal in the frequency domain allows for a better understanding of
the system that is being tested, it will show where peak frequencies occur. The Fourier
Transform and the Fourier Series are mathematical tools that are used to represent time
domain signals in the frequency domain. The representation signals involves the
decomposition of its sinusoidal (or complex exponential) components. The Fourier
Series is used for signals that have periodicity, whereas the Fourier Transform is used for
finite energy signals.
The motivation to use frequency analysis comes about to try to obtain a
quantifiable measure of damage in a constant velocity joint. Using this tool may lead to
trends in the data that point to such observations.
Fourier Series for Continuous Time Signals:
In many systems concerning vibrations it is common that many different
frequencies exist concurrently. Jean Baptiste Joseph Fourier (1768-1830), a French
mathematician, showed that periodic motion can be represented by a series of sines and
cosines.
If x(t) is a periodic function with period T, then the Fourier Series can be
represented as:
a
x(t)
= - + ax cosQ.J + a2 cosQ2fH \-bx sinQjf-i-^ sinQ2r + --- (2.9)
2k
where: Qx -~^r
QD -nQ.}
By multiplying both sides of equation (2.9) by coscOnt or sincOnt and integrating
over the period T, the coefficients an and bn can be determined. That is:
2
772
an
= jx(t) cosQjdt
-Til
(2.10)
j
Til
b=- jx(t)smQtdt
-Til
Making the following substitution into equation (2.10) can show an exponential
form of the Fourier Series.
cosQ.t = -(eja"'+e-iQ"')
2
smnj = -^j(ejn'-e-jn')
That is:
where c
=
an"
2
1
(2.11)
*(0=5>*;n"'
(2-12)
(2.13)
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Fourier Series forDiscrete Time Signal:
The Fourier Series for a periodic sequence x(n) with period N is:
N-\
x(n) =
^ckej2MN (2.14)
k=0
1 N-l
where;
ck=-Jx(n)e'i2-
n=0
k = 0,l,...,N-l
Equation (2.14) is called the Discrete Time Fourier Series (DTFS). [Proakis &
Manolakis, 1996]. This equation can be used to describe a harmonically related sinusoids
or complex exponentials.
Discrete Time Fourier Transform (DFT):
The discrete time Fourier Transform of a finite energy signal is given in equation
(2.15):
X(k) =
Yx(n)e~J2MN k = 0,l,2,...,N-l (2.15)
n=0
X (k) describes the frequency components of the discrete signal x(n).
The DFT will be utilized to evaluate various signals from the constant velocity
joint test stand. These equations can easily be implemented into programs such as
Matlab for post processing or Labview for real time evaluation. IfN is a power of two
then an efficient algorithm called the Fast Fourier Transform (FFT) can be used.
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Auto Spectrum:
To determine the frequency contents of a continuous time signal, spectral analysis
is used. The Auto Spectrum (Gxx) computes the spectrum of a time domain signal with
the use of the FFT. It is defined as:
GXX=XX* (2.16)
where * represents the complex conjugate and N is the length of the FFT.
This auto spectrum algorithm can be implemented either into Matlab or Labview.
Matlab has a number of signal processing tools that will help with the analysis. Labview
also contains similar routines but is not as versatile as Matlab.
Once the auto spectrum has been calculated using eitherMatlab or Labview the
RMS values can be obtained using similar routines found in either program. These RMS
values is what will be used to compare signatures between constant velocity joints.
2.3 Applications toRotatingMachinery:
During the past decade a great deal of research has gone into roller bearing
analysis. A constant velocity joint does not function like a roller bearing but does behave
in a similar fashion. The use of signature analysis has played a strong hand in the
evaluation process of this research.
Once a roller bearing has been tested the spectrums can be compared to other
spectrums from past experimentation. This type of analysis can be done as part of
periodic maintenance program to detect problems before a catastrophic failure occurs.
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As an example, a roller bearing in a given system could be tested and the spectrum could
be analyzed. It could be determined that perhaps the inner race may be showing signs of
wear. It may show that the outer race is going bad, or maybe the cage. All these
different types of failures will have a unique signature associated with them.
This research can be extended beyond the use of bearings and constant velocity
joints. It could be utilized in a number of different industries. Performing this type of
analysis could not only determine equipment failure, but it can be used insure the quality
of a component in a manufacturing environment.
2.4 A Proposed System forDetection of CV JointHealth:
As stated earlier, signs that a constant velocity joint are beginning to fail is the
clicking or the clunking that is heard when cornering in an automobile. Also, excessive
vibration can also occur. Because of the acoustical noise and vibration a microphone and
an accelerometer were used for the testing of constant velocity joints.
Before testing can occur a test fixture with proper sensors had to be built. An RIT
senior design group manufactured the current test fixture. This test fixture needed to be
modified and sensors added to it. Once this was completed and de-bugged it was ready
to test the joints.
A constant velocity joint can be loaded into the test fixture and rotated at some
constant velocity. While it is being rotated, data will be collected and stored for post
processing. The spectrums can be collected and compared to a library of past spectrums
and will hopefully show failure modes that are unique to certain failures.
22
In order for a library of signatures to be built up many tests will need to be
conducted. Several CV joints, both good and bad, will need to be analyzed. This will not
be part of this thesis but it can be used as a starting point or a guide for future research.
The direction that is taken for this experiment is to use a base line signal as the
starting point of the test. This base line will include common signals that fall within all
the other test conditions. By utilizing this base line the true noise of the system can be
found. Figure 2-5 shows the flow diagram of the first experimental direction that was
taken.
Motor
Noise -
U,
H, Background
Vj
Fig. 2-5
Figure 2-5 indicates how the motor noise is related to the background noise
through Hi. Equation (2-17) shows this relationship for Figure 2-5.
Vx=HxUx (2-17)
As the angle is changed on the test stand new information will come about from
it. Figure 2-6 shows the flow diagram for a CV joint that is rotated at an angle with the
original base line data.
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Figure 2-6 shows that there will exist a combined noise that is made up of the
original base line noise with an additional noise that was generated from the joint when it
was articulated through an angle. Equation (2-18) shows this relationship.
Y =Vl+V2
V2=Y-VX (2-18)
V2=Y-HlUl
Equation (2-18) gives the relationship for the combined noise that occurs in a CV
joint when it is articulated through some angle. V2 is the actual CV joint noise. It is
made up of the base line noise, which is known, and the noise that is measured during a
test. Unfortunately, taking this route to solving the problem was not successful. No
correlation between the input and the output was found that would be required to allow
this technique to work.
Another direction taken utilizes the auto spectra of the constant velocity joint. A
base line auto spectra was found and was subtracted from the measured auto spectra to
gain the CV joint auto spectra. Equation (2-19) shows this relationship.
Ga=G-GBB (2-19)
The CV joint auto spectrum is found from the difference of the measure spectrum
and the base line spectrum. This is the relationship that is used to correlate Constant
Velocity Joint noise with wear.
However, this method was not used because it produced negative amplitudes on
the spectrum charts. Instead, just the spectrum of the signal is shown.
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Once the auto spectrum has been established for a given load and angle it can be
compared to other cases. An example is comparing the 0% load, 0 degree angle case for
the non-damaged CV joint (Fig. 6-1, page 53) to the 0% load, 0 degree angle case for the
damaged CV joint (Fig. 6-2, page 53). Not only does the amplitude of the pulse train
behavior increase from non-damaged to damaged, the RMS values increase as well.
The RMS (Root Mean Squared) value is what will be used to compare the
different joint cases with each other. Once all the RMS values are collected they can be
plotted as a function of loading to show where optimal testing zones are located for a
given angle. This will aid in determining whether or not the joint is damaged or not.
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Ill ConstantVelocity Joint TestFixture:
The main goal of this project was to develop a constant velocity joint test
apparatus. In accomplishing this, a set of parameters was identified as indicators of
damaged joints, i.e. RMS values. Sensors and instrumentation are specified and designed
in the system to adequately measure the parameters of interest.
3.1 OriginalDesign:
As stated previously, a test fixture was designed and fabricated during the school
year of 1997-1998 at Rochester Institute of Technology by a mechanical engineering
senior design group. The team consisted of three members; Bryan Runkle, Andy Hessler,
and Jeff Greene. Their advisor was Dr. Robert Snyder.
The objective of the senior design team was to design and fabricate a constant
velocity joint test fixture. This fixture was to include a motor to rotate the CV Joint as
well as a device to maintain and control the amount of load that would be applied to
properly test the joint. The senior design group was required to maintain a close budget
and was unable to purchase necessary equipment for the proper testing of constant
velocity joints.
A motor, which was available to the senior design group and is the one that is
used for this testing can only generate 5 HP. The design team needed to choose a device
that would provide an adequate load to test a joint. The original loading device that was
used was a hydraulic oil pump. This pump would act as a load when the discharge valve
on the pump was to be throttled. The more restricted the flow the greater the load that
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would be applied to the CV Joint. This pump was replaced be an electro-magnetic
particle brake, which will be discussed later.
The constant velocity joint that was used for the senior design group is from a
1989 Honda Accord 14 5 speed. The specifications that are used come from Car &
Driver, Oct. '97, pg. 53. The torque calculation is shown below with Figure 3-1.
Egg^ma. Acceleration
Fig. 3-1
From Car & Driver the vehicle will accelerate from 0-30 mph in 2.9 seconds. The
mass of the car is 3044 lbm, and the diameter of the tire is 24 inches.
T = RxF (3.1)
Since F = ma, equation (3.1) can be written as:
T=Rxma
30mph 5280/r hr
a x x-
2.9s mile 3600s
= 1511ft
Is1
T=-
TAin 1/* \lbf
x 30441b x 1511ft /
sl
x-rr x
\2in 322lbmftls'
=U34ftlbf
Each tire will see 717ft lbf
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This value is essentially what each constant velocity joint could see at a maximum
for a 1989 Honda Accord 14 5 speed manual transmission. Unfortunately, the senior
design group was unable to purchase the correct size equipment that would provide this
type of torque, it was beyond the budget of the project.
3.2 FinalDesign:
The final design of the constant velocity joint test fixture is shown below in figure
3-2 with a component list of the major components. The major components of the test
stand vary slightly with the original design. However, the final design includes sensor
equipment that is essential for accurate data collection and analysis. Minor components
such as Infrared temperature sensor, microphone, accelerometer, and the RPM sensor will
be discussed also.
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Fig. 3-2
1) Magnetic Particle Brake 5) 5 HP 220 VAC Electric Motor
2) Three Piece Spider Coupling 6) Supporting Test Stand
3) Bearing Block 7) High Voltage Fuse Panel
4) Constant Velocity Joint 8) Magnetic Particle Brake Controller
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Some of the components of the test fixture will be discussed in greater detail in
the next section. The bearing block, supporting test stand, and the high voltage fuse
panel were all purchased and fabricated during the 1997-1998 school year by a senior
design team. Figure 3-3 shows a picture of the entire test fixture.
Fig 3-3
3.2.1 Magnetic Particle Brake:
A magnetic particle brake is a device that contains a dry magnetic medium.
When this medium becomes energized, it tightly clings together. Current needs to be
supplied to the coil of the particle brake for this action to take place. Once this is done
the medium will tightly cling between the stator and the rotor and act as a friction brake.
The heat that is dissipated through the braking action is carried away through cooling
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water. There is a small water pump that provides 1.5 gal/min of cooling water to the
magnetic particle brake. Figure 3-4 shows a picture of the particle brake.
Fig 3-4
The magnetic particle brake that was chosen for the constant velocity test fixture
was purchased fromMagnebrake. The model number is 100MBWB-20. This brake
provides approximately 100 ft-lb of torque when the coil is receiving 0.9 mA of current.
Torque / Current data was given with the particle brake. Figure 3-5 is a chart of this data.
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Torque vs. Current for Magnetic Particle Brake (100MBWB-20)
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Fig. 3-5
It should be noted that the data for this particle brake is not entirely linear.
However, there are portions of this chart that are approximately linear.
Figure 3-5 is a chart ofTorque vs. Current for the Magnebrake model number
100MBWB-20. The data for this particle brake was given to RLT from Magne Corp.
Using Excel, aMicrosoft spreadsheet program, this chart was developed. A trendline
was added to the chart to add some meaning to the data. Originally, a linear trendline
was used, but the
R2
value was not as good as a second order polynomial.
It is in the opinion of the author that for best results, tests should be performed on
the magnetic particle brake. For this to happen, a load cell should be purchased and
mounted such that accurate data, which is unique to the constant velocity test stand
particle brake, can be obtained. This torque information will give a better understanding
and more accurate picture of what loads are truly being applied.
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3.2.2 ConstantVelocity Joint:
The constant velocity joint that will be tested is a Rzeppa bell type constant
velocity joint. As stated earlier this particular constant velocity joint is from a 1989
Honda Accord. A variety of CV joints will be studied to determine certain wear
characteristics. Good constant velocity joints as well as bad CV joints will be tested to
determine if there exists a difference in vibration, noise, and temperature at various
speeds. Figure 3-6 shows a picture of a Rzeppa bell type constant velocity joint. Figure
3-7 shows the CV joint mounted in the test fixture.
Fig 3-6
Rzeppa bell type constant velocity joint
Fig 3-7
CV joint mounted in test fixture.
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3.2.3 ElectricMotor:
The electric motor that will be used for the constant velocity test stand was
acquired from the senior design group that built the test stand. This motor is not
powerful enough to transmit the required torque for proper testing. SAE J1620 is a
testing procedure, which outlines the requirements for properly testing constant velocity
joints. This type of test is testing the fatigue limits of CV joints.
The existing motor that will be used is a 5 HP 220 VAC electric motor. The
motor is connected to a reduction assembly, via a drive belt, which makes up the drive
portion of the test stand. The drive unit is a variable speed ranging from 240 - 1 170
RPM. At 240 RPM the output torque is 1 10 Ibf- ft, when the drive assembly is rotating
at 1 170 RPM it has an output of 23 Ibf- ft. As noted earlier, the output of a '98 Honda
Accord is approximately 717 Ibf - ft for each tire. Figure 3-8 shows a picture of the
drive device that is currently on the constant velocity test stand.
Fig 3-8
CV Joint Test Stand Drive Assembly.
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In the future if proper testing is to be performed according to SAE J1620 then a
different drive assembly as well as a different load device will need to be purchased.
Two separate companies, Northeast and Ross Equipment Co. each quoted approximately
the same price. It will cost nearly $25,000 for the complete setup. However, signature
analysis can still be performed on a CV joint with the current equipment.
3.2.4 Magnetic ParticleBrakeController:
The magnetic particle brake controller, shown in figure 3-9, is a solid state,
switching, constant current power supply with a continuos output capacity of 2 amps at
90 volts DC. The controller requires an input voltage of 1 10 VAC. This device was
purchased from Magne Corporation to control the amount of output torque from the
magnetic particle brake.
Fig 3-9
Magnetic Particle Brake Controller
The torque developed in the particle brake is directly proportional to the input
current developed by the controller. This controller will provide constant torque in the
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brake for a given potentiometer setting. An external control device can be used in place
of the potentiometer. Utilizing Labview enables the potentiometer to be controlled via a
computer. A wiring diagram of the controller is shown in figures A-2 and A-2 in the
appendix.
A description of the components that make up the particle brake controller can be
found in the appendix on page A-9.
The current meter is an analog meter that reads the percentage of current that is
supplied to the particle brake. If the maximum current is known and the percentage of
that current is displayed on the current meter, then the current that is supplied to the brake
is known. Since the meter is an analog meter it will have a greater degree of error in it
compared to a digital meter.
All the above equipment mentioned allows the constant velocity test stand to be
operable. If the test fixture is to provide data then certain sensors will need to be utilized
to provide this function. The sensors that have been used for the test stand are an infrared
thermocouple, microphone, accelerometer, and a photoelectric sensor. These
components allow for accurate measurements to be taken on constant velocity joints.
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3.2.5 InfraredTemperature Sensor:
The constant velocity test stand is equipped to measure the temperature of a
constant velocity joint. This thesis does not correlate temperature with wear
characteristics. However, temperature should be addressed for future analysis. The
infrared temperature sensor is a self-powered measurement instrument, which can be
substituted directly for standard thermocouples to make noncontact temperature
measurements. Figure 3-10 shows a picture of this device. The quarter is used to show
the relative size of the instrument.
Fig 3-10
Infrared Thermocouple manufactured from Omega.
An infrared thermocouple should be used whenever:
The object to be measured is moving.
The contact of the device will alter the object.
Contact will compromise a sterile environment (biomedical
applications)
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A contact device will wear too quickly because of friction or vibration.
Good applications for IR thermocouples are non-reflective surfaces, food, paper,
plastics, coated metals, stone, clay, etc. Since the IR thermocouple will be used to
measure the temperature of the CV joint, the outer race is a dull steel. This should
provide a good surface for the IR sensor. This infrared thermocouple was purchase from
Omega. The model is OS36-E-140F. It is rated as an E type thermocouple and behaves
as such. This IR thermocouple has a rating of 80-180F with an accuracy of +/- 2%.
In a normal thermocouple two wires made from dissimilar metals are joined at
each end, with one of the ends heated, there is a thermoelectric circuit that generates a
current. See figure 3-11.
WIRE A
WIRE B
HEAT
Fig 3-11
If the non-heated end of this circuit is disconnected, then the circuit voltage
becomes a function of the joint temperature and the composition of the two metals.
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Like all thermocouples, the Infrared thermocouple generates a signal by utilizing
the thermoelectric properties based on dissimilar metals. The IR temperature sensor has a
detection system that receives heat energy radiated from objects that it is pointed at and
converts it to an electrical potential. A millivolt signal is produced, which corresponds to
a scaled thermocouple. The electrical connection for the IR sensor is actual
thermocouple wire. The IR thermocouple must be connected to a device that has cold
junction compensation. This cold junction compensation is accounted for in the data
acquisition card, which will be discussed in Section Four. Figure 3-12 shows a chart of
Voltage vs. Temperature of an E type thermocouple. The data for this chart was used
from The Temperature Handbook, from Omega.
As seen from figure 3-12 the data displayed is non-linear. The use of a trendline
was utilized in Excel to generate a linear fit of the data. The R2 value for this fit is quite
good. The equation of the trendline is:
y = 0.0653* -0.1632 (3.2)
Equation (3.2) could be used inside a Labview program to display and record the
temperature given a voltage input from the infrared thermocouple instrument. However,
Labview already comes equipped with virtual instruments to handle various types of
thermocouples. These virtual instruments (vi's) will be discussed in later sections.
38
o
a
3
O
u
o
E
>-
D
2!
n
c
o
.c
*-
a>
3
5
Q)
a
E
(0
>
0)
n
o
>
o
a> 04
3 t
CO co
0 O)
Q. u_
E
o
00 CD -ST
(AUJ) aBejiOA
CM OJ
39
The field of view for the IR sensor is very important and must not be overlooked
when applying the instrument. The field of view, also referred to as the distance-to-target
size ratio, for the OS36-E-140F type thermocouple is 1:2. This means that the sensor
sees a circular area with a diameter equal to two times the distance between the sensor
and the target. For example, a distance of 3 inches from the target will give a 6-inch
diameter circle for the field of view. Figure 3-13 shows a diagram of this concept.
-IR SENSDR
/ \
SURFACE
-2H-
Fig. 3-13
For the constant velocity joint test stand the circle that needs to be measured for
temperature is only about the diameter of 2 inches. Therefore a distance of about 1 inch
is where the IR sensor will be mounted. This distance was chosen due to clearances
between the joint and the test fixture. The smaller the diameter circle to be measured the
more accurate the IR sensor becomes.
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3.2.6 Microphone:
The microphone that will be used for the constant velocity test stand is an ICP
microphone model number TMS130B10. It was designed and manufactured from PCB
Piezotronics, Inc. A picture of the microphone is shown below in figure 3-14.
Fig. 3-14
ICP microphone model # TMS13B10.
The ICP microphone cartridge utilizes a condenser microphone as its sensing
element. It is encased in a 1 / 4" stainless steel housing, a fabric screen protects the
microphone element from foreign material.
The condenser microphone is the most commonly utilized microphone for sound
measurement purposes. It is arranged with a diaphragm that forms one plate of an air-
dielectric capacitor. See figure 3-15.
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Fig. 3-15
A voltage is created when sound waves are forced against the diaphragm. This
instrument outputs a very small voltage when this happens. This voltage will directly
correspond to a pressure. For the particular microphone that is used on the test stand the
ratio of voltage to sound pressure is 26.02 mV/Pa.
There is a tremendous range of sound that a person can hear. Because it is such a
large range the use of a logarithmic scale is used. The decibel provides a logarithmic
scale and it is the unit ofmeasure that is most widely use to describe sound and noise
levels. Normal conversation takes place around 50-55 dB, where as a supersonic boom
takes place around 160 dB. The decibel is a measure of power ratio:
J5 = 101og!
PowerA
'
PowerB j
(3.3)
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Sound pressure is proportional to the square of sound pressure. Therefore,
equation (3.3) can written as:
dB = 101og10^- = 201ogI0
Po
(Ea?
kPo
(3.4)
The decibel is a comparative value based on po- This is a well-accepted constant
that is used in the calculation of decibels.
p0 = 0.00002
N
m
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pN
m
(3.5)
3.2.7 Accelerometer:
The accelerometer for the test stand is used to gather vibration data that occurs
during operations of the test fixture. The accelerometer, model number 352C66, was
purchased from PCB Piezotronics. Figure 3-16 shows a picture of the accelerometer.
Fig. 3-16
PCB Piezotronics, Inc. Accelerometer
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A piezoelectric accelerometer is a device that produces an electrical charge that is
proportional to acceleration. It is a device that is used to measure the instantaneous
motion of a point on a structure. The accelerometer is made up of a mass or weight that
is coupled to a base and a piezoelectric crystal. Figure 3-17 shows a drawing of an
accelerometer.
MOTION
FORCE
Fig. 3-17
In figure 3-18 the crystal is shown between two electrodes. The two wires with
the positive and negative charge is shown coming out of the two electrodes. This is
where the charge is collected. An electrical charge is produced when a force is exerted
upon the accelerometer. The exerted force is proportional to the electrical charge on the
crystal. Force is related to the mass of an object times it acceleration, (F=MA).
Therefore, the charge produced by the crystal is proportional to the acceleration.
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3.2.8 Photoelectric Sensor:
The photoelectric sensor is used to determine the speed of the CV joint shaft. An
oscilloscope was connected to the output of the sensor to determine the frequency of
pulses. By utilizing this equipment the motor was able to be adjusted to run constant for
all tests. Honeywell manufactures this sensor. It is a miniature plastic 18 mm cylindrical
sensor, model number CP18LDNL2, and is used to detect the revolutions per minute
(RPM) of the constant velocity joint shaft. Figure 3-18 shows a picture of the sensor.
Fig. 3-18
Photoelectric sensor from Honeywell, model # CP18LDNL2
The photoelectric sensor is an infrared optical proximity sensor consisting of a
light emitter and receiver. The emitter sends out an infrared light signal, this signal is
reflected at a polished surface, such as a mirror or reflector. The signal is then sent back
to the receiver. When the beam is uninterrupted the sensor will generate an output
voltage based on the input voltage. This sensor can operate between 10 - 30 VDC. An
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optical proximity sensor acts in many ways like a simple single through single pole
switch. Figure A- 1 shows the wiring diagram for this sensor.
The photoelectric sensor is mounted near the output shaft of the 5HP motor. The
output shaft has a reflective adhesive tape strip, which reflects the infrared light source
from the emitter. Figure 3-19 shows the photoelectric sensor mounted above the output
shaft of the motor.
Fig. 3-19
Photoelectric sensor mounted near shaft
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IV. DataAcquisition:
4.1 Description ofLabview Interface:
Labview is a graphical based programming language from National Instruments.
Instead ofwriting lines of code in programs such as Fortran or C, the user uses graphical
icons that represent certain commands. There are many libraries within Labview which
contain several functions.
Among some of these functions are pre-made routines from National Instruments.
For data acquisition Labview contains several different programs for the user to choose,
called VI's (virtual instrument). These programs may require some modification
depending on the needs of the individual. Figure 4-1 below shows the front panel of the
Labview program used to collect data from the constant velocity joint test fixture.
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Front Panel ofLabview Program
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This front panel is pre-made routine from a library within Labview. The only
modification that has been made is the file path to store the data that is collected. This
diagram shows a waveform graph of the time domain signal. Before this program can be
run the user must input the path where the data is to be stored, the scan rate (sample rate)
at which the data is to be taken, and the number of scans (samples) to take.
The actual programming takes place on the rear panel. For each labview VI there
exists two panels, a front panel that contains the input and output information, and the
rear panel that contains the program. Figure 4-2 shows a picture of the rear panel.
|* | code \
Itime-out error code|1 0800]-
Fig. 4-2
Figure 4-2 shows the input components from the front panel with several other
VI's which are wired together. This particular vi takes the input signal and compiles it
through other various VI's and then displays the output signal on the waveform graph in
the front panel.
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4.2 TerminalConnectorBlock (SCB-100):
The terminal connector block, model number SCB-100, serves as an interface
between the transducers on the CV joint test fixture and the data acquisition card. This
device contains an onboard cold-junction compensation circuit for the utilization of
thermocouples.
The specifications for the terminal connector block can be found in table A-ll in
the appendix. For more descriptive information refer to the National Instruments
Handbook.
4.3 PCI-MIO-16E-1DataAcquisition Card:
The data acquisition card, model number PCI-MIO-16E-1, is a 12 bit A/D bus
system. Table A- 12 in the appendix lists the specifications for the data acquisition card.
Refer to the National Instruments Handbook for more descriptive information.
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V. DataAnalysis:
The method by which the constant velocity joint was tested was very thorough
since it needed to be destroyed to complete the testing. The first set of tests was to get
the base line data for the CV joint. The base line data was taken at a zero degree angle
for three different loadings. This signal would include common frequencies found in the
remaining tests.
The conditioned input signal is an average of 10 - 6000 point FFT's from a 60000
point data set. A total of three different angles were tested including the base line angle
(0 degrees). Within each of the four different angled tests, there were tests for three
different loadings.
5.1 Test Procedure:
To test the base line data, the joint was put at a zero degree angle and then
allowed to run for one minute, to allow all transients to die out, at 0% (0 ft-lb) load.
Figure A-4 page A-ll in the appendix shows the chart for percent torque vs. actual
torque. Once it ran for one minute then the data was collected at 6000 samples per
second for 10 seconds. This test was repeated for 15% (20 ft-lb) and 30% (40 ft-lb)
loading. This completed the base line testing for the good CV joint. The testing
continued at 15, 25, and 35 degree angles for the three different load conditions. A total
of 12 data sets were collected, three ofwhich are base line data sets.
Once all the data for the good CV joint was collected it was necessary to damage
the joint to continue with the test. The joint was removed from the test stand and the
protective rubber boot was removed. Sand was introduced into the joint to simulate road
grit and other foreign material that would normally enter when the boot was damaged.
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The CV joint was then placed back into the test fixture where it was allowed to run for
two hours at 15% (20 ft-lb) loading articulated at 15 degrees. Once this was done the
damage CV joint was ready for testing.
Testing on the damaged CV joint again required base line data, now for the
damaged joint. The same procedure was used for the damaged as was for the good joint.
Once the base line data was collected the remaining tests were conducted as in the good
joint case. The rotational speed of the joint remained constant for all tests. Tne joint
rotated at 8.9 Hz.
Only one joint was used for the entire testing phase. This test would have become
more accurate had a family of joints been available for testing. Such a family of joints
would provide an average of results to analyze.
Both microphone and accelerometer readings were obtained for the tests. Only
the microphone data is studied in this thesis. However, the accelerometer results are
shown in the appendix starting on page A-14. The results for the microphone data are
shown in section VI.
5.2 Post Processing:
All post processing was done inMatlab. The post processing consisted of loading
the data file intoMatlab and converting the input voltage signal to Pa. Once this was
done a 6000 point Hanning window was used on the time domain signal. Then an
average of 10 - 6000 point FFT's were used to determine the auto spectrum. The auto
spectrum is used to show the amplitudes at different frequencies for the system. Matlab
provides an easy to use mathematical interface that can be used for signal conditioning.
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It was chosen as the post processor over Labview because of its versatility and ease of
various mathematical functions.
A description of the Matlab script file used is found in the appendix on page
A-26.
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VI. Results:
T
The results obtained fromMatlab are plotted in the frequency domain. Damaged
and non-damaged plots are compared for each of the scenarios that were tested. As stated
earlier all charts in this section correspond to the microphone spectrum. The Figures
described below begin on page 53.
The first interesting point of notice is the RMS value increase that occurs as the
angle of articulation increases for the non-damaged case. In figure 6-1 it is seen that the
RMS value is 1.238, where as in figure 6-23 it is seen at 1.725. This clearly shows that
changes in noise occur with changes in load and angle. Also, the pattern of the signature
does not change a great deal from a zero load case to a 35% load case. However, the
amplitude does change. The spectrum pattern does not change much when comparing the
damaged cases to the non-damaged cases. If Fig. 6-1 is compared to Fig. 6-2 it is seen
that the pattern is relatively the same with an increase in amplitude.
Some reasons why the signals would not increase in amplitude with increase in
angle could be from inaccuracies in the system. One of these inaccuracies occurs when
the angle of the joint is changed. When this occurs, the microphone must be re
positioned into its proper place. If it is not exactly where it was from the previous test it
will be inconsistent. Another reason is the change in the system when the angle is
introduced, this causes a change in the acoustic emissions.
As the constant velocity joint articulates through an angle, the balls begin to roll
in their respective races. As the angle is increased the rolling action increases leading to
an increase in noise. Most plots show periodic frequency spikes related to pulse train
behavior in the time domain. This is shown in the Zoom Plot, Fig. 6-26. It is a zoomed
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look at Fig. 6-21 and shows that spikes occur at approximately every 9 Hz. which
corresponds to the rotational speed of the joint.
On each of the Figures the RMS value is shown. As the angle and load vary the
RMS value increases in most cases. The zero degree angle case does not follow this
trend. The remainder of the cases shows an increase in RMS value as the load and angle
change for both non-damaged and damaged CV joints.
The temperature of the CV joint changed very little with increase in load. Most of
the joints for the majority of the cases remained constant at 1 10F. If the constant
velocity joint was greater than a 40-degree angle, then the temperature of the joint
climbed quickly. For this reason the 35-degree angle was chosen as the maximum.
Figure 6-25 on page 65, shows the microphone time domain signal. All signals
that were analyzed were originally in the time domain. Only one plot was chosen to
show the time domain characteristics. All other plots are presented in the frequency
domain. Table 6-1 and 6-2 shows the RMS results for a non damaged and 2 hour
damaged CV joints respectively.
NonDamaged CV JointRMS
Angle
Load 0 15 25 35
30% 1.468 1.160 1.372 1.725
15% 1.535 1.144 1.205 1.520
0% 1.238 1.301 1.443 1.989
Table 6-1
2 HRDamaged CV Joint RMS
Angle
Load 0 15 25 35
30% 1.607 1.962 1.603 3.090
15% 1.812 2.055 1.984 3.254
0% 2.938 3.130 1.665 2.940
Table 6-2
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Beginning on page 66 there are a series of plots that show the RMS values for
different angles and different loads. All of these plots show that for each data series the
damaged CV joint RMS value is always greater than that of the non-damaged CV joint.
Neither the damaged nor the non-damaged curves behave in a linear fashion. Some of
the plots follow similar patterns such as the two plots on page 66 and 67. Also, the plots
on page 68 and 69 follow the same trend as well.
These plots show where the maximum RMS value occurs for a given angle. For
the plot of the 25-degree angle on page 68 the maximum RMS value occurs at 15%
loading. For testing purposes this is where the most change in RMS value occurs
between non-damaged and damaged joints. If the joint is tested at this loading it would
be easier to determine if the joint was damaged than testing it in another location. As the
RMS values begin to converge on one another it would become more difficult to
distinguish between a damaged joint and a non-damaged joint.
Figures 6-27 - 6-30 include error bars for the RMS axis. For the non-damaged
case, the error bars range between 0.02 and 0.2. For the damaged case, the error bars are
much greater. For figures 6-27 and 6-28 these values are approximately 0.5. Figures 6-
29 and 6-30 have no error bars for the damaged case since there was only one data set to
utilize. Some reasons why these error bars have such a great range could be
uncontrollable variables such as, ambient temperature, ambient noise, etc.
A visual inspection of the joint was not performed to determine visual damage
such as scoring on the bearing raceways.
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Microphone Spectrum forO Deg. Angle, 0% (Oft. lb.) Load, No Damage, Base Line Data
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Fig. 6-1
Microphone Spectrum for 0 Deg. Angle, 0% (0 ft. lb.) Load, 2 Hr. Sand Damage, Base Line Dats
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Microphone Spectrum for 0 Deg. Angle, 15% (20 ft. lb.) Load, No Damage, Base Line Data
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Fig. 6-3
Microphone Spectrum for 0 Deg. Angle, 15% (20 ft. lb.) Load, 2 Hr. Sand Damage, Base Line C
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Microphone Spectrum for 0 Deg. Angle, 30% (40 ft. lb.) Load, No Damage, Base Line
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Fig. 6-5
Microphone Spectrum for 0 Deg. Angle, 30% (40 ft. lb.) Load, 2 Hr. Sand Damage, Base Line
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Fig. 6-6
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Microphone Spectrum for 15 Deg. Angle, 0% (0 ft. lb.) Load, No Damage
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Fig. 6-7
Microphone Spectrum for 15 Deg. Angle, 0% (0 ft. lb.) Load, 2 Hr. Sand Damage
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Fig. 6-8
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Microphone Spectrum for 15 Deg. Angle, 15% (20 ft. lb.) Load, No Damage
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Fig. 6-9
Microphone Spectrum for 15 Deg. Angle, 15% (20 ft. lb.) Load, 2 Hr. Sand Damage
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Fig. 6-10
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Microphone Spectrum for 15 Deg. Angle, 30% (40 ft. lb.) Load, No Damage
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Fig. 6-11
Microphone Spectrum for 15 Deg. Angle, 30% (40 ft. lb.) Load, 2 Hr. Sand Damage
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Microphone Spectrum for 25 Deg. Angle, 0% (0 ft. lb.) Load, No Damage
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Fig. 6-13
Microphone Spectrum for 25 Deg. Angle, 0% (0 ft. lb.) Load, 2 Hr. Sand Damage
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Fig. 6-14
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Microphone Spectrum for 25 Deg. Angle, 15% (20 ft. lb.) Load, No Damage
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Fig. 6-15
Microphone Spectrum for 25 Deg. Angle, 15% (20 ft. lb.) Load, 2 Hr. Sand Damage
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Fig. 6-16
63
Microphone Spectrum for 25 Deg. Angle, 30% (40 ft. lb.) Load, No Damage
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Fig. 6-17
Microphone Spectrum for 25 Deg. Angle, 30% (40 ft. lb.) Load, 2 Hr. Sand Damage
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Microphone Spectrum for 35 Deg. Angle, 0% (0 ft. lb.) Load, No Damage
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Fig. 6-19
Microphone Spectrum for 35 Deg. Angle, 0% (0 ft. lb.) Load, 2 Hr. Sand Damage
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Fig. 6-20
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Microphone Spectrum for 35 Deg. Angle, 15% (20 ft. lb.) Load, No Damage
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Fig. 6-21
Microphone Spectrum for 35 Deg. Angle, 15% (20 ft. lb.) Load, 2 Hr. Sand Damage
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Microphone Spectrum for 35 Deg. Angle, 30% (40 ft. lb.) Load, No Damage
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Fig. 6-23
Microphone Spectrum for 35 Deg. Angle, 30% (40 ft. lb.) Load, 2 Hr. Sand Damage
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VII. Conclusions:
A constant velocity joint test apparatus was designed and assembled to detect CV
joint health. The test stand is able to rotate and articulate a constant velocity joint while
applying a load. The use of a microphone and a photoelectric sensor were utilized to
gather data via a computer. This data was analyzed using signature analysis techniques,
which allowed for the RMS values to be found. These RMS values were then compared
to one another to determine CV joint health.
The research that is contained within this thesis is a good stepping stone to the next
level. This investigation has shown that it is possible to build and equip a constant
velocity test stand to examine CV joints. This study further shows that there exists a
difference between signatures of good and bad constant velocity joints.
The key differences are shown in the RMS plots found starting on page 66.
Definite trends are shown in these plots which lead to the conclusion that a damaged joint
has a higher RMS value (i.e. noisier) than a non-damaged constant velocity joint. These
plots further indicate good testing zones for a given angle. 0% loading should be used
when the CV joint is articulated at 0 degrees and 15 degrees. When the joint is at 25
degrees the loading zone is between 13% and 16%. For the 35 degree articulation the
best zone would be between 15% and 20% loading.
Many components that make up the constant velocity joint test fixture have been
discussed in great detail. The appendix lists many of the technical specifications that
correspond to these components. The companies that the majority of the equipment was
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purchased from were quite helpful in properly selecting and matching the sensors to the
equipment. This made the assembly phase of the project run smoothly.
The use of Labview made up the data acquisition part of the thesis. This allowed
for data to be collected simply and efficiently. National Instruments was very good for
the technical support that was given. A great deal of programming experience is not
necessary for the use of this software. One can quickly pick it up and begin using it in a
relatively short time.
Matlab was the program used for the post processing of the various tests described.
Its versatility and ease again allow the user to quickly learn its routines. Labview was not
chosen since it exhibited a slower response than Matlab when analyzing the data. The
script file shown in the appendix is short and simple which runs quickly and efficiently.
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VIII. FutureRecommendations:
As stated previously, this thesis provides a good foundation for research to
continue into the future. There are many modifications that should be made to the
constant velocity test fixture. These modifications will allow the test stand to become a
more accurate device.
Certain equipment should be added to the test fixture to allow for more precise
measurements to be taken. The first of these is an in-line torque sensor that measures the
applied torque on the output shaft of the motor. This device is needed if an exact torque
value is to be obtained. Currently, torque is measured in percentile. This percentile can
be converted to an actual torque value, but the percentage indicator is an analog meter.
The torque setting is currently done by a potentiometer located on the outside of
the magnetic particle brake controller. This can be implemented within Labview to give
the user greater control and accuracy of the test.
An encoder should be used to collect information such as shaft speed and shaft
location. The encoder will allow for a pin point placement of a problem area. Each ball
could be tracked using this device. For example, ball #1 of a constant velocity joint
would correspond to a location on the encoder. If this location shows signs of damage,
then it would point to the #1 ball.
The use of triggering should be implemented for the tests. It will provide more
consistent information when the test starts at the same location each time. This can be
used in conjunction with the encoder.
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Further testing should be done to gain a better understanding of how a constant
velocity joint changes with load, and angle. More angled incremented tests would lead to
a better resolution. Repeating this test after allowing the CV joint to further wear may
help show some trends that are expected.
Correlating temperature and vibration with CV joint wear should not be
overlooked. This information could lead to many answers concerning constant velocity
joint health.
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AppendixA
A-l Infrared Temperature Sensor:
The infrared temperature sensor, model number OS36-E-140F, is manufactured
by Omega. General specifications are listed in table A-l.
Specifications for All Models ofOS36, OS37, and OS38
Signal Output: Thermocouple
Power Requirements: None
Cold Junction Compensation: By measuring instruments as with
conventional instruments
Accuracy (Linearity): The larger of2% of nominal value (target
with emissivity of 0.9) or2F (1C)
Repeatability: 1% of reading
Ambient Temperature Coefficient: 0.02% of reading /F (0.04% of reading /
C)
Ambient Temperature Compensation
Range:
Complies with ASTM standards over 80 -
200F (27 - 93C)
Operating Ambient / Case Temperature
Range:
0-212F(-18-100C)
Response Time Constant: 80 milliseconds approximately
Resolution: 0.0001C approximately
Spectral Response: Range of 0. 1 to 14p,
Housing: Stainless Steel or ABS non-shielded plastic
Sealing: Hermetic, air and water tight, exceeds all
Nema ratings
Output Cable: Twisted shielded pair of base thermocouple
material (J, K, etc.), 8 ft std. length, Teflon
sheathed rated to 392F (200C) continuos
service.
Table A-l
A-l
A-2 ICPMicrophone:
The ICP microphone, model number TMS130B10, is manufactured by theModal
Shop. The complete list of technical specifications and physical specifications are listed
in tables A-2 and A-3 respectively.
Technical Specifications for the TMS130B10 ICPMicrophone
Response: Free Field
Nominal Microphone Sensitivity at 250
Hz: ( 25%)
25 mV / Pa
Frequency Response Characteristics:
+ 1 dB Magnitude
2 dB Magnitude
20 Hz to 7 kHz
10 Hz to 15 kHz
Directivity: Omnidirectional
System Dynamic Range:
Lower Limit (1/3 Octave at 1 kHz)
Lower Limit (Lin Spec, 10 Hz-10 kHz)
Upper Limit (3% Linearity)
Upper Limit (Saturation)
<15dB
<35dB
> 128 dB 1
>132dB
System Crosstalk: < -70 dB
Sensor Impedance: <10Q
Temperature Range: -10 to 65 C
( 15 to 150 F)
Temperature Effects at 250 Hz (-10 to 65
C): < 0.5 dB
Vibration Sensitivity at 250 Hz (1
m/s2
axial): <53dB
Table A-2
A-2
Physical Specifications for the TMS130B10 ICPMicrophone
CasingMaterial: Stainless Steel
Sealing Material: Weld, Epoxy
Weight:
TMSBOB 10
TMSBOPIO
TMSBOP11
3gm(0.11 oz)
14 gm (0.49 oz)
7 gm (0.25 oz)
Dimensions (dia. x h.)
TMSBOB 10 (shaft)
TMSBOB 10 (head)
TMSBOPIO
TMSBOP 11
0.218"
x
0.750" (5.54mm x 19.1mm)
0.275"
x
0.250" (6.99mm x 6.35mm)
x
1.81" (12.7mm x 46.0mm)
0.218"
x
2.05" (5.54mm x 52.1mm)
Connector Type:
TMSBOB 10 (output)
TMSBOPIO (input)
(output)
TMSBOP 11 (input)
TMSBOP11 (output)
10-32 microdot (electrical female)
10-32 microdot (electrical male)
BNC ( electrical female)
10-32 microdot (electrical male)
10-32 microdot (electrical female)
Table A-3
A-3
A-3 PCB Piezotronics. Inc.Accelerometer:
The PCB accelerometer, model number 352C66, is manufactured by PCB
Piezotronics, Inc. Tables A-4, A-5, A-6, and A-7 represent the Dynamic Performance,
Environmental Specifications, Electrical Specifications, and Mechanical Specifications,
respectively.
Dynamic Performance for the 352C66 Accelerometer
Voltage Sensitivity 100 mV/g
Measurement Range (for +5V output) 50 g pk
Frequency Range:
5%
+10%
+3dB
0.5 to 10,000 Hz
0.3 to 12,000 Hz
0.2 to 20,000 Hz
Mounted Resonant Frequency > 35 kHz
Phase Response:5 (at 70F [21C]) 2 to 15,000 Hz
Broadband Resolution (1 Hz to 10kHz) 0.00016 g rms
Amplitude Linearity <1%
Transverse Sensitivity <5%
Table A-4
Environmental Specifications for the 352C66 Accelerometer
Shock Limit- All Axes (max) + 5,000 g pk
Operating Temperature Range -65 to +200F (-53 to +93C)
Strain Sensitivity < 0.005 g / px
Table A-5
A-4
Electrical Specifications for the 352C66 Accelerometer
Excitation Voltage / Constant Current 18-30/2-20 VDC/mA
Output Impedance < 300 Q
Output Bias 8-12 VDC
Discharge Time Constant 0.8-2.4 sec
Warm Up Time (within 10% of output bias) <10 sec
Spectral Noise:
1Hz
10 Hz
100 Hz
1kHz
60 ug/VHz
16 ug/VHz
5 ug/VHz
1.5 ug/VHz
Ground Isolation Optional Q
Table A-6
Mechanical Specifications for the 352C66 Accelerometer
Sensing Element:
Material
Geometry
Ceramic
Shear
Housing:
Material
Sealing
Titanium
Welded Hermetic
Size (hex x height) 0.31x0.42 in
Weight 0.070 gm
Electrical Connector:
Type
Location
5-44 Coaxial
Side
Mounting Thread 5-40 Male
Mounting Torque 8-12in-lb
Table A-7
A-5
A-4 RPM Speed Sensor:
The RPM speed sensor (photoelectric sensor), model number CP18LDNL2, is
manufactured by Honeywell. Tables A-8, A-9, and A-10 give technical, mechanical /
environmental, and electrical specifications respectively. Figure A-l shows the wiring
diagram for the sensor.
Technical Specifications for the CP18LDNL2 Photoelectic Sensor
Scan Type Distance *
Diffuse 100 mm (3.94 in.) typ.
Diffuse 200 mm (7.87 in.) typ.
Diffuse 400 mm (15.75 in.) typ.
Retroreflective 4 m ( 13 feet) min.
Thru-scan 30 m (98 feet) min. j
* Diffuse scan distance is rated using an 8 x
10" 90% reflective card. Retroreflective scan distance is rated
using an FE-RR1
(3" diameter) reflector. Actual scan range will vary, based on reflectivity of the object
being sensed.
Table A-8
Mechanical/ Environmental Specifications for the CP18LDNL2
Photoelectic Sensor
30 to +60C (-22 to +140 F)
30 to +70C (-22 to +160 F) - DC
55 to +85 C (-67 to +185 F) - All
Temperature
Operating
Storage
Shock 50 G
Vibration 10 G, 10 to 500 Hz
Sealing NEMA1,3,4, 12, 13 (IP 67)
Approvals DC controls UL certified (File No.
E145799) and CSA recognized (File No.
LR57323)
Alignment indicator Red LED
Materials
Housing
Back Cover
Connector (Q-C Style)
Polycarbonate
Acrylic
Polycarbonate
Table A-9
A-6
Electrical Specifications for the CP18LDNL2 Photoelectic Sensor
Wide Voltage DC
Supply voltage 20-260 VAC (12-260 VDC) 10-30 VDC (10% ripple)
Current consumption < 4 mA typ. < 20 mA typ.
Output type Mosfet (L.O. / D.O.) Open collector (L.O. /
D.O.)
Load current 300 mA 150 mA max.
Leakage current < 1mA 10 uA max.
Voltage drop < 5 volt avg. 1 volt avg. max @ full load
Rate of operation 50 / second 500 / second
Response time, max. 10 msec On / 10 msec off 1 msec On / 1 msec Off
Delay on power-up 100 ms max. 100 ms
Electrical protection Industrial interference, line
transients, false pulse (on)
Industrial interference, line
transients, short circuit,
false pulse (on), reverse
polarity
Table A-10
Wiring Diagram for the CP18LDNL2 Photoelectic Sensor
DPTICAL
SENSDR
BLU -
1
BRN +
\>
LOAD
Fig A-l
Wiring diagram for Honeywell photoelectric sensor.
A-7
A-5 MagneticParticleBrakeController:
Figure 3-9 shows a picture of the magnetic particle brake control device. On the
front panel of the controller there exists an on/off switch, a manual current asjustment
potentiometer, and a current meter.
The on/off switch is a single pole - single throw switch that is illuminated when
energized.
The manual current adjustment potentiometer adjusts the current to the magnetic
particle brake from zero to maximum. This maximum is dependant on the internal
current range jumper selection on the inside of the controller. Jumper JP2 was choosen to
be the best selection for the test stand. When jumper JP2 is selected a maximum current
of approximately 1.10 amps is obtained.
Figure A-2 and A-3 below show wiring schematics of the terminals inside the
particle brake controller.
Figure A-2 shows the wiring diagram for terminal TB 3 located inside the
magnetic particle brake controller. Terminals 1, 2, and 3 are connected to 1 15 VAC with
terminal 3 as the grounding terminal. Terminals 4 and 5 are the DC voltage output.
These connections are wired directly to the particle brake.
A-8
Figure A-3 shows the wiring diagram for terminal TB 1 located inside the
magnetic particle brake controller. Terminals 1 and 2 have a jumper installed between
them. This jumper disables the emergency stop feature for the controller. The
emergency stop option is used for quick system shutdown. When activated, the
emergency stop circuitry will produce 1 to 3 times the braking torque set on the manual
current adjustment potentiometer. Terminals 5 and 6 will have a jumper installed
between them when an external control device is utilized. When this is done, terminal 6
becomes the common for the control signal and terminal 3 is the 0 - 5 VDC input. This
magnetic particle brake control unit is not equipped with a reversing current option,
therefore a jumper must be installed between terminals 13 and 14. This option is
available for applications requiring small torques, such as a thin film roll tension system.
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TB 3
Fig A-2
Terminal TB 3 located inside particle brake controller.
TB 1
1 2 3 4 5 6
1,1,1,1 1,1,11 111JJJJJJJJ
0-5 VDC
CDNTRDL
SIGNAL
Fig A-3
Terminal TB 1 located inside particle brake controller.
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Figure A-4 shows the relationship between the percent torque and actual torque
when jumper J-2 is used.
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Fig. A-4
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A-6 SCB-100 TerminalConnectorBlock:
The specifications for the SCB-100 terminal block are listed in table A-ll. For
more descriptive information refer to the National Instruments Handbook.
Specifications for the SCB-100 Terminal Block
Cold Junction Temperature Sensor:
Connection Analog input channel 0 of E series
devices, jumper selectable
Output 10 mV/C |
Accuracy 1C from 0C to 1 10C
Power Requirements:
SCB-100 10 mA no signal condition
Physical
Dimensions 19.5 x 15.2x4.5 cm
I/O Connections
SCB-100 One 100-pin male SCSI connector, 100
numbered screw terminals
Operating Environment
Ambient Temperature O0 to 55C
Relative Humidity 10% to 90%, non condensing
Storage Environment
Ambient Temperature to 70C
Relative Humidity 5% to 95%, non condensing
Table A- 11
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A-7 PCI-MIO-16E-1 DataAcquisition Card:
The specifications for the PCI-MIO-16E-1 Data Acquisition card are listed in
table A-12. For more descriptive information refer to the National Instruments
Handbook.
Specifications for the PCI-MIO-16E-1
Analog Input 16 Single-Ended 8 Differential Channels
Resolution 12 -Bit
Sampling Rate 1.25 Ms/s
Stream-to-Disk Rate lMs/s
Analog Output 2 Channels
Resolution 12 -Bit
Digital I/O 8TT1
Counter / Timers 2 Up/Down
Resolution 24 - Bit
Maximum Source Frequency 20 MHz
Triggering Analog and Digital
10 Programmable Function Inputs
Table A-12
A-8 AccelerometerData:
Figures A-5 through A-28 contain charts of the accelerometer signal. These
charts follow the same format as the microphone charts do. No analysis is discussed
from these charts. The scaling on the vertical axis is .
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xAf#&lerometer Spectrum for 0 Deg. Angle, 0% (0 ft lb) Load, No Damage
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Fig A-5
Ace/grbmeter Spectrum for 0 Deg. Angle, 0% (0 ft lb) Load, 2 Hr Sand Damage
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Fig A-6
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Aof^ferometer Spectrum for 0 Deg. Angle, 15% (20 ft lb) Load, No Damage
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Fig A-7
Accelerometer Spectrum for 0 Deg. Angle, 15% (20 ft lb) Load, 2 Hr Sand Damage
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Fig A-8
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Aoftelerometer Spectrum for 0 Deg. Angle, 30% (40 ft lb) Load, No Damage
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Fig A-9
AcceleQ-Jrrieter Spectrum for 0 Deg. Angle, 30% (40 ft lb) Load, 2 Hr Sand Damage
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jA^Q^Ierometer Spectrum for 15 Deg. Angle, 0% (0 ft lb) Load, No Damage
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Fig A- 11
Ac9plfl$$meter Spectrum for 15 Deg. Angle, 0% (0 ft lb) Load, 2 Hr Sand Damage
0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)
Fig A-12
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A<?Qterometer Spectrum for 15 Deg. Angle, 15% (20 ft lb) Load, No Damage
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Fig A- 13
AcceJefQrrieter Spectrum for 15 Deg. Angle, 15% (20 ft lb) Load, 2 Hr Sand Damage
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A<jgterometer Spectrum for 15 Deg. Angle, 30% (40 ft lb) Load, No Damage
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Fig A- 15
Accejergrrieter Spectrum for 15 Deg. Angle, 30% (40 ft lb) Load, 2 Hr Sand Damage
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jAfjgeWometer Spectrum for 25 Deg. Angle, 0% (0 ft lb) Load, No Damage
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Fig A- 17
Acc^lftjtfmeter Spectrum for 25 Deg. Angle, 0% (0 ft lb) Load, 2 Hr Sand Damage
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Fig A-18
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A<jglerometer Spectrum for 25 Deg. Angle, 15% (20 ft lb) Load, No Damage
4.5
3.5
3
3
CD
I2"5
Q-
I 2
1.5
0.5
I I
I 1
1 1
1 1
1 1
; ; ;
i i
1
r
'
| [ |
1
; i
^Iv^Vv
--{j|IL--
I
IlM-
111
! iJPil iiLiukh^uktW f| wh%*JtuM* ; f\
100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)
Fig A-19
Accejergrrieter Spectrum for 25 Deg. Angle, 15% (20 ft lb) Load, 2 Hr Sand Damage
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A(fgterometer Spectrum for 25 Deg. Angle, 30% (40 ft lb) Load, No Damage
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Fig A-21
Accejergmeter Spectrum for 25 Deg. Angle, 30% (40 ft lb) Load, 2 Hr Sand Damage
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jA<?geWometer Spectrum for 35 Deg. Angle, 0% (0 ft lb) Load, No Damage
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AcG^l^jrSmeter Spectrum for 35 Deg. Angle, 0% (0 ft lb) Load, 2 Hr Sand Damage
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A<jQ!irometer Spectrum for 35 Deg. Angle, 15% (20 ft lb) Load, No Damage
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Fig A-25
Accejergmeter Spectrum for 35 Deg. Angle, 15% (20 ft lb) Load, 2 Hr Sand Damage
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A^gterometer Spectrum for 35 Deg. Angle, 30% (40 ft lb) Load, No Damage
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Fig A-27
Accejefgrheter Spectrum for 35 Deg. Angle, 30% (40 ft lb) Load, 2 Hr Sand Damage
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A-9 Matlab Script Files:
This section shows the Matlab script file or m file, that was used to convert the
'
time domain signals into the frequency domain. The script file prompts the user for the
number of data files to be calculated, then prompts for the file names of each of the files.
xbls = 0;
fb = zeros ( [6000,1] ) ;
countl = input ('input the number of data files ');
for 1 = 1 : countl;
fn = input (' input the file name ' , ' s ' ) ;
xb = load(fn) ;
xbl = xb( : ,1) ./.02 6;
xbls = xbls + std(xbl)
count = 1 ;
for k = 1 : countl;
fb = fb + (abs(fft(hanning(6000) . *xbl (count : 5999+count) ) ) ) ."2;
count = count+6000;
end;
end;
fb = fb ./ (3*countl) ;
xbls = xbls / countl;
fb = sqrt (fb) ;
fb = fb/1500;
plot(fb) ;
title ( 'Microphone Spectrum for 35 Deg. Angle, 30% (40 ft. lb.) Load, 2
Hr . Sand Damage ' ) ;
xlabel ( 'Frequency, Hz . ' ) ;
ylabel ( 'Amplitude, Pa');
grid
axis( [0 1000 0 0.6] ) ;
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